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Abstract— The most challenging step of the demodulation of to 2w A f x T, whereA f is the uncertainty frequency offset,
the DVB-S2 signal with function of VCM (Variable Coding T, is the symbol period, ane(k) is the time-variant phase

and Modulation)/ACM (Adaptive Coding and Modulation) is ; ; ;
the detection of the PL (Physical Layer) header. PL header is noise. If a frame starts at tinig), then, the next 26 transmitted

transmitted using 7/2-BPSK modulation and is composed of a SamP'es ares(ko +1) = sof(l), 1 = 0,1,...,25 yvheresof IS
fixed part (26 bits of Start Of Frame (SOF)) and a variable part the fixed Start Of Frame (SOF) sequence defined by the DVB-
(64 bits codeword of PL Signaling (PLS) code that defines the S2 standard. The next 64 bits ar€cy + 26 + 1) = plsc(l) ®
structure of the PL frame). Since the 90 bits corresponding to the ser(l),1=0,1,...,63, where,@ is the binary Ex-Or operation,
PL header are affected by noise, the carrier frequency offset and scr(l)i—o.1....63 is the fixed scrambling sequence defined by

the phase noise, the synchronization task in a DVB-S2 receiver .
is thus a critical task. In this paper, we present a properties of the standard an@lsc(l)i=o,1,..63 i the PLS code. The PLS

the Hadamard code used to encode the information of the PLS codeplsc is defined as the product of a vector of 7 bits on
code to reinforce frame detection before knowing the actual value informationpls(¢),=o.1,... ¢ that encode the PL frame structure

of the MODCOD/TYPE. Moreover, we propose to perform the (4 types of modulation, 8 code rates, 16 K or 64K length frame

computation in the polar domain in order to avoid the need of size, pilot symbols or not) and thex 64 Hadamard matrix
multiplier and thus, to obtain a very low cost implementation. '

The associated decoder architecture is presented together with H defined as:H (i,1) = (I == i_)&l for _the ,f'rSt 6 Iln'es,
the measured performance at the worst case SNR (i.e -3 dB). and H(6,l) = 1 for the last line (i.e. the first line contains a
periodic sequence of "01”, the second line, a periodic sequence
. INTRODUCTION of "0011”, the third line, a periodic sequence of "00001111”
The first step of the demodulation of the DVB-S2 sigand so on up to the last line that is only composed of ¥1")
nal with function of VCM (Variable Coding and Modula- |n a mass market for low cost DVB-S2 receiver, the uncer-
tion)/ACM (Adaptive Coding and Modulation) is the detectionainty on the carrier frequency offset can be rather influential,
of the PL (Physical Layer) header in order to start the decodiighding to a value ofs between—=/2.5 and +7/2.5, i.e.,
process. This task is required for the determination of thfiring the reception of the 90 symbols of a PL header,
starting of the frame, to overcome carrier frequency offset (alp to a maximum of+18 rotations of input signal can be
DVB-S2 transmission mode), and also to define the structusBserved. Moreover, the system should be able to obtain the
of the frame in the VCM/ACM mode [1]. In this paper, wesynchronization at very low SNR (up to Es/NO = -2.35 dB).
will address only the problem of determination of the starting | the state of the art, most of papers use only the known
of the framg. “SOF information to detect the beginning of a new frame using
~ To describe the suggested detector for frame synchronigga combination of differential detection of symbols in order
tion, we consider the transmission signal model of DVB-Sg mitigate the effect of the frequency offset. Once the frame
standard. The received signalt) consists of the summation synchronization is performed, the frequency offset estimation
of the Tx signals(¢) modulated with a Binary Phase Shiftis done before the coherent decoding of the PLS code. In
Keying modulation (BPSK), i.e. B(0) = -1 and B(1) = 1 andpjs paper, we propose to use the composition of the PLS
an Additive White Gaussian Noise (AWGM)¢) with a two- - ¢ode to perform the synchronization, using both SOF and PLS
sided power spectral densityy,. Assuming that automatic information. Moreover, in order to reduce the complexity of
gain control and symbol timing recovery circuits have begfe synchronization process (and thus, its power dissipation),
worked properly, the Rx signai(k) can be written as: the magnitude of the input symbotgk) is first set to 1, i.e.,
r(k) is replaced byarg(r(k)) thanks to a CORDIC compo-

r (k) = B(s(k))e!*® +n(k) = s(k)e? 0 +n(k) (1)
1The structure of the code given by the DVB-S2 standard is slightly

wherek is the time index of optimum digital sampling point,gitterent but leads to the same structure
0(k) = wk + ¢(k) the phase of the input symbal, is equal  2Normalized frequency offset 2 versus symbol rate



nent (COordinate Rotation Dlgital Computer [2]). Algorithm; used, the relative weighting of each value; and the
associated architecture and simulated performance are giway the normalization factor is computed before taking the
and compared to the state of the art. decision (see Sun et al. [3], Choi and Lee [4], Kim et al [5],
The remaining part of this paper is organized as follow§6], [7]). Especially, in case equals to 1, DPDI(Differential
Section Il gives a brief state of the art on DVB-S2 synchrd?ost Detection Integration)is denoted.;lhas the maximum
nization issue. Section Ill presents the algorithm for the PL#&lue within SOF symbols, it becomes D-GPDI(Differential-
detection. Section IV presents a joint SOF and PLS detectidbeneralized Post Detection Integration). If D-GPDI may have
and compares the performance of the new scheme to alreadditional coherent and non-coherent detection component as
published solution. Section V presents the architecture. Finallige type of linear combination, it's called as GPDI(Generalized
conclusions are given in Section VI. Post Detection Integration). CLD has D-GPDI and the energy
correction term that removes possible biases in the decision
variable[4]. The reference[7] allows performance close to
In this section, we will first defined the metric to measurthe Maximum Likelihood (ML) detector depending channel
performance of frame synchronization. Then, we will give eondition given in [4] with a lower implementation cost.
rapid survey on published solutions of DVB-S2 synchronizaNevertheless, the complexity is stib x 25/2 = 325 complex
tion. multiplications per input symbol, uniquely for the computation

. o of the m;(k) values forl = 1..25 [7], which remains still
A. Performance evaluation of a synchronization module complex for a low cost implementation.

Il. STATE OF THE ART

The synchronization task is a detection task, i.e., determineéWe should also note that, when the length of the frame
in the stream of incoming symbol the actual start of framé known (VCM mode) some authors propose to accumulate
The detector compute a metric to evaluate the likelihood thisie m;(k) values over several SOF to increased the SNR.
the current symbol corresponds to a start of frame or ndforeover, the DVB-S2 standard suggests also to compute
The output metric is then compare to a threshold to makartial first order moment (with = 1 only) also on the PLS
the decision (synchronization, or not). The detector can mageucture. In the following section, we will show how to exploit
two types of error: first, to detect a false synchronizatiomore the PLS structure to help the synchronization task.
(false alarm), second, to miss a true start of frame (miss
detection). Each value of the threshold corresponds to a couple
(Prmd, Pra), whereP,, 4 is the probability of miss detection and In this section, the properties of the Hadamard code al-
Py, the probability of false alarm. The Receiver Operatinipwing robust PLS detection in presence of frequency offset
Characteristic (ROC) curve is a 2-dimensional plot used i® presented. A toy example is first presented before the
represent the trade-off betweeR,,; (x-axis) and Py, (y- generalization to the DVB-S2 Hadamard code.
axis) according to the value of the threshold. Comparing the
performance between different detectors can be simply dofie TOY €xample
using the ROC curve. For a given false alarm rate, the one
leading to the lowest miss detection rate is the most efficient.Let us consider a sorter Hadamard code of size (4, 8)for
One should note that, in the DVB-S2 case, the false alam®plaining the principle of the PLS detector. The encoding
rate should be very low. In fact, with a QPSK modulatiorprocess associates a codewdfcbf size 8 to a binary vector
with long frame and no pilot, a start of frame occurs ever¥ of size 4 using:

32,290 symbols. A false alarm probability greater than>

Ill. PROPERTY OF THEHADAMARD CODE

leads to too many dummy starting of synchronization/decoding 0 1.0 10101
001 10011

processes. _
y=Xx 00001111
B. Review of existing detectors 11111111

In the absent of frequency offset, the optimal detector using For example, X
the SOF sequence is simply a coherent correlator performiTﬁOOOOM] '

. 25 ..
c(k) = > Zor(k — )B(sof(l)), a normalization by the = rpo cndeword” is modulated thanks to a BPSK modulation
average energy of the received signal and. a Compa”sg%'ﬂrictly speaking, ar/2 BPSK modulation in the DVB-S2
with .the threshold. With a frequency offset, is is no mor ystem): a bit zero is associated to -1 and a bit 1 is associated
possible to add coherently the received samples. Non-coherﬁni_ Assuming a frequency offset ofradian per sample, the
correlator are thus used to overcome the phase rotated sig eived signak = (r,)r_o_+ is then equivalent to:
All correlator are based on the fact that, when synchronized, =07 '
r(k — Dr(k — 1 — i) = B(sof(l))B(sof(l + i))el“?, i.e.,
they can be coherently summed after suppression the confl, e/« ¢l (2w+m) ¢iGwtm) pildwtm) oj(bwtm) j6w piTw]
tribution of B(sof(1))B(sof(l — i)), leading tom;(k) = 2)
l;l r(k—UDr(k—1—1)B(sof(l))B(sof(l +1)). The state  Here, we don't include the phase noisgk) and noise
=0
of the art method are variations on the number of valweffect, n(k) to illustrate the PLS detector in Eq.(2), easily.

= [0111] gives the codewordY” =



& ! ! ! g g The outputT'(k) is then given by:

T(k) = [ma (k) + Ima(k)[* + [ma (k)|
Hms(k)[* + [mag(k)[* + [maa ()|

If T(k) is directly compared to a threshold-;, s to decide
"PLS starts” or not, the ROC performance are very weak (for
a given false alarm rate, the probability of detection is very
low). In fact, the value off’(k) is also depending with the
average energy of received symbo{g — j)j:0“63. A method
for improving the performance of the receiver is to mitigate
the effect of module variation by a scaling factor, for example,

Observing this sequence, it can be noted that: replacing the computation ofi;, 1 = 1,2,4,8,16,32 by the
computation ofm; given by:

Fig. 1. Distribution ofT" in presence of random noise

my1 = rori +ror + rarl 4+ rer; = de I (@T0) (3) 63—i
Mo = 7‘()7‘; + 7"17‘; + 7,_471; + 7,,57,; _ 4€—j(2w+7r) (4) , (k) lgo T(k — Z)T(k —1— Z) hz(l) (8)
. my; = —i
My = 1o + 1175 4 ror + rark = 4e7IWFTT  (5) 632: Ir(k — Ur(k — 1 —9)*|hi(l)
1=0

wherer* means the conjugate of . o
Thus, T = 3,_, 5, mim? = 48 This operation increases .the performance of thg ROC curve
It is easy to verify that the summatich is independent of the receiver but still, it is rathgr .corr'lplex to implement,
of the codewordY and the value of the frequency offsefince 6 x 32 = 192 complex multiplications, modules and
w. Indeed, this property is inherent to the structure of trRdditions, 6 divisions are required for gach received s:_ample.
coding matrix. In the case whet® is composed with eight 10 g0 further, we propose to simplify the complexity of
independent random values of module one, the distribution ¢ PLS detector using the phase information of the received
T is given in the following figure (Fig.1 obtained by simulatiors@mpler(k)/|r(k)| instead of-(k) itself. The first step consists
over 100,000 samples). to compute the phase of the received samples using a CORDIC
In other words, it is clear that the value @f can help ©OP€rator.
to discriminate the case where the vectorcorresponds to
a PLS code and the case whereis just a random data. 0(k) = arg(r(k)) )
Since the PLS code of the DVB-S2 code has exactly the samerpys, usinge’?) instead ofr(k), Eq. (6) is replaced by:
property (there is just an increase in the size of the problem),
i i i 63—1
\éxf[zrtpgofp;?;;et? use this criterion to detect the presence of a s (k) = Z GO0, (10)
1=0
B. PLS detector With this method, there is no need of normalization since
A generalization of the example given in section IlI-A fomorm 1 vector are used in the computation. The computation of
the PLS code used is quite straightforward. The only differengg ) is not affected and remains identical. In the next section,
is that the effect of the scrambling has to be suppressed by {f¢ give the result of the proposed detector.
appropriate choice of the coefficient of the filters. The output
m; (k) at timek of the FIR filter of indexi is thus given by: C. Performance of the PLS detector
. In this section, we give some performance results of the
= . N PLS detector for values af, /Ny equals to -3 dB (the DVB-
mi (k) = Y r(k = )r(k —j — i) hi(j) ®) 52 Jimit is -2.35 dB), 0 dB/and 3 dB of SNR according to
v the thresholdl'r; 5. The modulation is a QPSK modulation
The coefficientsh;(j);_, . ¢4_; Of the Finite Impulse with long frame (64K bits, i.e., 32 K QPSK symbols). The
Response (FIR) filtef; are given by: probability of false alarm is defined as the average number of
N . C o . false alarm during the reception of a frame. As an example,
hi () = B(ser(7)) B(ser(j +2)(1 = bin(5)(log2(3))) - (7) a false alarm rate of 200% means that, on the average, there
where B(scr(-)) is the BPSK modulated scrambling seis two false alarms per received frame (this corresponds to a
quence (-1 ifser(-) = 0, 1 if ser(.) = 1) and bin(j) is the false alarm rate at a symbol level bf32400 ~ 3 x10~5). The
binary representation gf andbin(j)(k) the (k —1)-th bits of performance given in table | are obtained using the simulation
this binary representation. Thus, the FIR coefficients can tak10000 DVB-S2 64K frames.
the values 0, -1 or 1, leading to a very low implementation Using a value ofl’prs = 750 means that, at -3 dB, on
cost. average, there is nearly one false alarm per frame and a

Jj=



SNR = -3 dB SNR=0dB | SNR = +3 dB

Trrs FA [ MD FA [ MD FA [ MD nggg%?sov: igﬂgi%éé PLS,
700 | 239% | 48.5% | 232% | 1.0% | 235% | 0% e S roposed(S0FFLE)

750 95.1% | 54.6% | 93.6% | 1.7% | 96.4% | 0%
800 42% | 60.1% | 39.8% | 2.5% | 39% 0%
850 16.8% | 66.8% | 16.7% | 3.5% | 16.2% | 0%
900 6% 725% | 7.3% | 45% | 6.9% | 0%
950 25% | 76.5% | 3.3% | 6.1% | 3.1% | 0%
1000 | 0.8% | 79.4% | 1.4% | 7.8% | 1.3% | 0%

TABLE |
FA RATE AND MISS DETECTION RATE FOR SEVERAL VALUES OH pL g
AND SNR (10000FRAMES SIMULATED).

04

Tprs = 700 Tprs = 800 Tprs = 900

FA_ [ MD FA | MD FA_ [ MD -
Tsor =700 | 0.13% | 8.94% | 0% 9.21% | 0% 9.45% '
Tsor = 650 0.2% | 8.71% | 0.01% | 9.03% | 0% 9.31 % oz
Tsor =600 | 0.4% | 8.47% | 0.04% | 8.87% | 0.02% | 9.2 % 1E-06 1 E-05 1E-04 1E-03
Tsor =550 | 0.69% | 8.06% | 0.11% | 8.55% | 0.04% | 8.94 % P_fa

Tsor =500 | 1.23% | 7.64% | 0.23% | 8.18% | 0.08% | 8.69 %
Tsor =450 | 2.24% | 7.16% | 0.39% | 7.77% | 0.11% | 8.41 %
Tsor = 400 4.2% | 6.56% | 0.68% | 7.28% | 0.12% | 8.08 % | Fig. 2. ROCs for SOF detector optimization plus the SOF+PLS detector
optimization

TABLE Il
FA RATE AND MISS DETECTION RATE FOR JOINTSOFAND PLS

DETECTION AT A SNROF 0 DB (10000FRAMES SIMULATED). possible to reduce the rate of false alarm for a given miss

detection rate.
Fig. 2 shows the performance in terms of ROCs for all
competitive correlators in order to choose the most appropriate

probability of 0.5 to have the PLS detection. If the FA casene in the single dwell process. The ROC curve is obtained
is rapidly processed, then, on average, PLS synchronizatféh Es/No = —3dB and a normalized freq. offset of %0

can be obtained in two frames. One should note that th&st, one should note that the determination of PLS approach
performance is similar when others type of modulations aksing only SOF with phase information leads to a slightly

considered for the frame (8-PSK or 16-APSK). better results than with the CLD detector, with much simpler
architecture, since complex multiplications are replaced by
IV. JOINT SOF/PLSDETECTOR phase subtractions. This is the first contribution of this paper.

In order to improve the performance of the frame detectiodecond, combining SOF with PLS detection dramatically
we have combine SOF and PLS detections. In other wordgduces the FA rate for a given frameerss Detection rate.
a start of frame is detected if both SOF detection and PLF®r example, for a false alarm rate o~ (one false alarm

detection are respectively above two chosen threshibids-  Per frame in average), SOF alone leads to a miss detection rate
and Trrs. of around 0.9 and PLS alone leads to a miss detection rate of

Let R(k) be the input of the SOF filter at tim = k —64 about 0.43. When combined, this leads to a miss detection
(in order to be synchronized with the output of the PLS filterjate of 0.32. The efficiency of joint SOF-PLS based detection

thus, R(k) can be written as: method is the second main contribution of this paper.
25 , V. ARCHITECTURE OFSOF/PLSDETECTOR
_ . !/
R(k) = Z [ni (K] (11) In this section, we first present the precision issue, then the
=0 architecture and we give a rapid complexity estimation of the
wheren; (k') is given by: whole PLS detection.
26— A. Precision issue

ni (k) =y dOE=DZ00170) g, 1) (12)

e In order to evaluate the required precision of the algorithm,

. _ we have quantized(k) values on several number of bits. The
‘The coefficientsy; (1), 1. (26 Of the FIR filterG; are  quantized valud, of 6 on ny, bits is given by:
given by g; (1) = B(sof(1))B(sof(l +1)).
OIBTable Il gives the obtained performance for an SNR of O 0, = 0/(27) x 27"t 4 0.5] (13)
One should note that the addition of the SOF leads to awhere |z| represents the highest integer that is smaller of
significant increase of the performance. In particular, it isgqual toz.



t Miss detection )
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TABLE Il
MISSED DETECTION AS A FUNCTION OF THE QUANTIZED VALUE OR(k)
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Fig. 3. Architecture of PLS/SOF detector
Ak .

R

Table 11l shows the number of miss detection as a functic £ | — ] L
of the numbern,;; of bit used to quantized(k) for a SNR "Eﬁ A o~ El_‘ i *
of 6 dB and threshold of SOF and PLS respectively equal
Tsor = 700 andTpLs = 900.

As can be seen in table Ill, the coding &%) on 6 bits is !
adequate. For a given value éf, the computation o#?% is
simply done by a read access in a ROM of sfe= 64 that
contains both the real and the imaginary parts of the result,
which is also coded on 6 bits

B. PLS/SOF architecture VI. CONCLUSIONS

The whole architecture is presented on fig. 3. The first stepThis paper proposes a robust correlator for frame synchro-
is to determine the phase of the received sigrial using a nization in DVB-S2 receiver. The proposed one can identify
CORDIC component. Ther(k) is sent to the SOF and PLSthe location of SOF (Start of Frame) reliably because it collects
detectors. The output of the two filters are compared to theuch signal energy using Hadamard generator principle in the
thresholdsT'so» andTp 1 to generate SOF and PLS alarmsPLSCODE. Since it doesn't have any multiplicative operation,
The SOF alarm is first delayed of 64 clock cycles, in ordékis possible to carry out high speed operation in case of H/W
to be synchronized with the PLS alarm. If both are positivénplementation. It shows better performance in terms of ROC
a PLS start detection is decided. than those obtained with state of the art algorithms.

The architecture of the PLS and SOF detection are very
similar. They are given respectively in fig. 4 and fig. 5. In

fig. 4, the coefficient of the Finite |mpu|se (FlR) filter ardll ETSI EN 302 307, v. 1.1.Digital Video Broadcasting (DVB); Second
generation framing structure, channel coding and modulation systems for

-1 and 1 ar.‘d the size of filte€; is 26 o i. The quantity broadcasting, interactive services, news gathering and other broadband
of memory is then 325 words of 12 bits (complex number satelliite applicationsJune 2006.

coded on 6 bits). The computational complexity to obtain dal J: E. Volder, "The CORDIC Trigonometric Computing Technique”, IRE
Transactions on Electronic Computers, Sept. 1959.

output sampIeR(lc) iS:. 25 accesses ina ROM _6_4X12 (for phas@] F. Sun, Y. Jiang, L. Lee, "Frame synchronization and pilot structure for
to complex conversion), 325 complex additions, 25 square second generation DVB via satellites, Wiley Int. Journal of Satellite

operations and 24 adders for the final summation. (ziggwmunications and Networkingyol. 22, no. 3, pp.319-339, May-Jun
4.

In flg.5, the FIR filter have a size of 64with Only 32 4] Z. Y. Choi, and Y. H. Lee, "Frame synchronization in the presence of
non-zero coefficients taking there values between -1 et 1. The frequency offset, "IEEE Trans. on Commun.Vol. 50, no. 7, pp.1162-
quantity of memory is 321 words of 12 bits. The computationg| 1065, Jul. 2002. o

. . . [5] P. Kim, et al, "Enhanced frame synchronization for the DVB-S2 system
complexity to obtain an output samp]é(k) is: 6 accesses under a large of frequency offset, " iRroceedings of IEEE Wireless
in a ROM 64x12 (for phase to complex conversion), 192 Communications and Networking Conference (WCNC'Q7jpp.1183-

complex additions, 6 square operations and 5 adders for {he118,7v Mar 2007. o ,
6] P. Kim, et al, "Robust frame synchronization for the DVB-S2 system with

Fig. 5. Architecture of PLS detector
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